To date, several strategies have been developed to provide local antibiotic therapy in the treatment of osteomyelitis, such as antibiotic-loaded bone cement, antibiotic-impregnated collagen sponges, polymethylmethacrylate beads, antibiotic-loaded bone graft, antibiotic-loaded synthetic bone substitutes, and antibiotic-coated implants. The optimum carrier for local antibiotic therapy has not been identified. Tibial osteomyelitis using methicillin-sensitive Staphylococcus aureus was created in a rat model. Rats were assigned to 3 treatment groups: group A, systemic antibiotics only; group B, systemic antibiotics plus surgical debridement; and group C, systemic antibiotics, surgical debridement, and application of cefazolin. Infection was assessed using gross tissue analysis, radiographs, quantitative bacteriology, and histopathology. One-half of the rat tibias were randomly chosen for histological evaluation and the other half were used for microbiological analysis. Radiographs were reviewed and graded by 4 blinded board-certified radiologists. Histology slides were reviewed and graded by a blinded board-certified pathologist. Gross tissue analysis of treatment groups B and C demonstrated a statistically significant improvement in soft tissue infection clearance compared with group A (P,.05). No difference was found between treatment groups B and C. No significant difference existed in gross tissue, radiographic, microbiologic, or histopathologic analyses among the 3 groups for osteomyelitis. The results of this study demonstrated that the local application of free antibiotic powder is as effective as local debridement alone in treating soft tissue infection associated with tibial osteomyelitis in a rat model.
O steomyelitis is one of the most devastating complications in orthopedic surgery. Many methods are currently used to prevent and treat osteomyelitis, each with inherent risks and benefits. The mainstay of treatment includes surgical debridement and intravenous antibiotic therapy. Several treatment strategies have been developed to provide local antibiotic therapy, including antibiotic-loaded bone cement, bone graft or bone substitute, antibiotic-impregnated collagen sponges, polymethylmethacrylate (PMMA) beads, and antibiotic-coated implants. [1] [2] [3] [4] [5] [6] [7] The literature suggests that antibioticimpregnated PMMA implants are effective in treating osteomyelitis given the ease of preparation, wide availability, and ability to maintain elevated local antibiotic concentrations for approximately 6 weeks. [8] [9] [10] However, bone cement is not without disadvantages. Thermal damage can occur during hardening of cement implants. After eradication of the infection, a residual bone defect can exist that must be restored, and repeat procedures are often required to remove the residual cement. Sener et al 2 demonstrated that the use of antibiotic-loaded cement can be associated with increased infection rates because it can act as a foreign body after its antibiotics have been released. Currently, the optimum carrier for local antibiotic therapy has not been identified. To the current authors' knowledge, no study in the English literature has investigated the application of free antibiotic powder to a surgical field.
The authors' hypothesis was that the local application of free antibiotic powder to infected bone and the surrounding soft tissue is an effective additional method to treat osteomyelitis. The null hypothesis was that local antibiotic powder has no effect on osteomyelitis. This rat model can potentially lead to a change in clinical management of patients postoperatively to decrease the rate and associated morbidity of osteomyelitis.
Materials and Methods
This study was approved by the Institutional Animal Care and Use Committee and complied with the Guide for the Care and Use of Laboratory Animals. The authors used an established rat tibia model to create chronic tibial osteomyelitis using methicillin-sensitive Staphylococcus aureus (MSSA) in 63 Sprague-Dawley rats. Each animal was anesthetized using ketamine and xylazine. The lower limbs were shaved and prepped in a sterile fashion. A 2-cm longitudinal incision was made over the anteromedial aspect of bilateral proximal tibias, exposing the metaphysis. A cortical bone defect (1 mm wide and 10 mm long) was created using a dental burr. At this point, a 0.05-mL solution containing 106 colony-forming units (CFUs) of MSSA was injected onto the bone lesion. The surgical incision was then closed with 4-0 nylon sutures. After recovery from anesthesia, all animals were returned to their cages. All animals were housed in individual cages in the same room, fed a standard pellet diet, and given water ad libitum.
On postoperative day 21, verification of osteomyelitis was demonstrated on radiographs in all rats ( Figure 1) . The rats were then randomly assigned to 1 of 3 treatment groups. Twenty-one animals were used in each group. Group A received systemic antibiotics only. Group B received systemic antibiotics plus surgical debridement. Group C received systemic antibiotics plus surgical debridement and application of free antibiotic powder ( Figure 2 ). Systemic antibiotics for all groups were given using an established concentration of tetracycline (450-643 mg/L) administered in the drinking water for the entirety of the treatment period (days 21-42).
On day 21, the rats in groups B and C were anesthetized, shaved, and prepped in a similar manner. The same 2-cm longitudinal incision was made over the anteromedial aspect of bilateral proximal tibias, exposing the metaphysis. Surgical debridement was performed to remove infected and necrotic bone and soft tissue, and the wound was irrigated with 60 cc of sterile normal saline. Prior to wound closure with 4-0 nylon sutures, 50 mg of cefazolin powder was applied to the infected bone and surrounding tissues for rats randomized to group C. After recovery from anesthesia, all groups were returned to their cages.
On day 42, radiographs were again taken of both hind limbs. The rats were then euthanized, and both tibias were sterilely harvested for evaluation ( Figure 3 ). The state of infection was assessed on both tibias of all rats using gross tissue and radiographic analysis. In addition, one-half of the rat tibias from each treatment group were randomly chosen for microbiologic analysis and the other half were used for histopathology.
Gross tissue analysis was performed by 2 blinded surgeons (E.J.G., R.N.S.) for 
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the presence or absence of a soft tissue abscess, soft tissue infection, and bony infection. Soft tissue abscess was defined as gross purulence seen in the soft tissues. Soft tissue infection was defined as the lack of gross purulence but the presence of easily divided tissue planes with swelling and fibrous-appearing tissue. Bony infection was defined as gross purulence seen through cortical defects or soft fibrous cortical bone. The right and left tibias were analyzed together for each treatment group, allowing for 42 data points.
Radiographs were reviewed and graded by 4 blinded board-certified radiologists at the authors' institution. Radiographs were graded according to criteria published by Aktekin et al. 11 The parameters included periosteal reaction, metaphyseal widening, osteolysis, bone deformation, sequestrum formation, joint effusion, and soft tissue swelling. Parameters 1 through 3 were graded from 0 to 3 (0, absent; 1, mild; 2, moderate; 3, severe). Bone deformation was graded according to Mader et al 12 (0, normal, no change compared with normal tibia; 1, elevation or disruption of periosteum or both, soft tissue swelling; 2, less than 10% disruption of normal bone architecture; 3, 10%-40% disruption of normal bone architecture; 4, greater than 40% disruption of normal bone architecture). Parameters 5 through 7 were graded as either 0 or 1 (absent or present, respectively). Each tibia was given a score with a total possible value of 16. Microbiologic analysis was conducted by measuring CFUs per gram of bone sampled. Each tibia was crushed with bone rongeurs and pulverized with a mortar and pestle under sterile conditions into a powder form. The bone powder was weighed and then suspended in normal saline. The dilution was plated and incubated in standard fashion to determine the mean number of organisms per gram of bone.
Histopathology slides were prepared in standard fashion and graded by a blinded board-certified pathologist. Each sample was evaluated using criteria published by Cevher et al. 13 The pathologist examined each slide for acute inflammatory cells, chronic inflammatory cells, periosteal inflammation, and bone necrosis. These parameters were then scored on a scale from 0 to 4 (absent to severe) for a total possible value of 16.
A priori power analysis determined that 21 rats per group would be able to detect significance in the means using the nondirectional one-way analysis of variance (ANOVA) (a50.05 and b50.20). Gross tissue analysis was evaluated by Fisher's exact test. To evaluate the group effect on tibia osteomyelitis healing, the natural log of the response variable CFU/g of bone for each individual specimen was selected. With a significant ANOVA, the least significant difference post-hoc procedure was used to detect the differences in means. Statistical significance was predetermined for P values less than .05.
results
On gross inspection at harvesting, soft tissue abscess was seen in 19% (8/42) of the rat tibias in group A, 2% (1/42) in group B, and 0% (0/42) in group C (P,.05). Signs of soft tissue infection were seen in 100% (42/42) of the rat tibias in group A, 67% (28/42) in group B, and 62% (26/42) in group C (P,.05). Bony infection was seen in 78% (33/42) of the rat tibias in group A and 86% (36/42) in both groups B and C.
Radiographic analysis demonstrated no statistical difference when comparing the treatment groups for total score. The individual parameters were separately analyzed, and no statistically significant differences were found between treatment groups.
Microbiologic analysis revealed a mean of 7.3762.54 CFUs for rat tibias in group A, 5.8863.24 CFUs in group B, and 6.0462.36 CFUs in group C. No statistical difference existed when comparing the groups.
Histology analysis according to Cevher et al 13 demonstrated a mean total value of 5.2463.63 for group A, 5.7163.35 for group B, and 5.2962.78 for group C. No statistical difference was found when comparing the treatment groups for total score. The individual parameters were separately analyzed, and no statistically significant differences were found between treatment groups.
discussion
The goal of this study was to investigate the effectiveness of local free antibi- 
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e988 otic powder as a treatment for tibial osteomyelitis in a small animal model. The findings presented here cannot substantiate a significant effect for the application of local antibiotic powder to the treatment of osteomyelitis. Although the application of free antibiotic powder resulted in statistically significant improvement in soft tissue infection and abscess clearance, no statistical differences in radiologic, microbiologic, or histologic outcomes were appreciated between the experimental groups.
Prior investigations have studied the effect of the application of local antibiotic powder for the treatment of osteomyelitis. Schmidmaier et al 1 investigated the effectiveness of antibiotic-coated intramedullary implants in a rat model of tibial osteomyelitis. Their study demonstrated that gentamicin-coated intramedullary implants resulted in significant improvements in radiologic, histologic, and microbiologic signs of infection. 1 In a similar rat tibial osteomyelitis model, Sener et al 2 identified a statistically significant improvement in infection clearance in rats treated with surgical debridement and antibiotic bone cement compared with surgical debridement alone. Zelken et al 8 determined that rats treated with irrigation and debridement and vancomycin-loaded PMMA cement had significantly lower bacterial CFU/g of bone compared with irrigation and debridement alone or irrigation and debridement and vancomycinloaded hydroxyapatite cement. The study found no difference between irrigation and debridement alone and the hydroxyapatite groups. 8 One limitation of the current study is the use of CFUs per gram of bone harvests as a primary microbiologic outcome.
Colony forming units per gram of bone is a published and validated technique for measuring microbiologic outcomes; however, newer technology exists. Bioluminescent bacteria may be more precise in quantifying bacterial loads. In addition, the use of systemic antibiotics in all treatment groups may have masked the differences afforded by the application of surgical debridement and local antibiotic powder. However, the current model accurately reflects the clinical model for human patients with osteomyelitis because they would have also received systemic antibiotics in conjunction with surgical debridement and local antibiotic therapy.
conclusion
This study demonstrated no significant improvement in the local application of free antibiotic powder compared with surgical debridement and local application of antibiotic powder. Surgical debridement is essential in the treatment of osteomyelitis. Application of local antibiotics has been shown to improve healing in osteomyelitis, but the optimum method of delivery is yet to be determined.
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